Hormonal control of immunoglobulin (Ig) absorption and of intestinal Fc receptor mRNA expression were investigated in rats to assess its potential role in the normal postsuckling inhibition of this transport system. Corticosterone and L-thyroxine therapy caused premature inhibition of the absorption of orally administered murine monoclonal antibody and of Fc receptor mRNA expression in a dose-and time-dependent manner. Lowdose corticosterone had no effect on Fc receptor mRNA synthesis after 3 d but decreased Ig transport fivefold after 7 d. High dose corticosterone resulted in a threefold reduction in Fc receptor after 3 d, and there was almost complete inhibition (> 30-fold) of transport and of Fc receptor transcript levels after 7 d. Similarly, 7 d of high-dose thyroxine decreased both serum Ig transport and Fc receptor (> 30-fold). However, adrenalectomy did not prevent the normal post-suckling declines in Ig transport or receptor synthesis. This study demonstrates that exogenous corticosteroids and thyroxine hormone inhibit Ig transport and steady-state duodenal Fc receptor mRNA levels in suckling rats. Endogenous adrenal steroids however, do not appear to be entirely responsible for the age-dependent decline in this transport system. (J. Clin. Invest. 1993. 91:2844-2849
Introduction
Immunologic memory is an essential aspect of the immune system that is obtained only with exposure to various antigens ( 1 ) . Since germ lines do not encode distinct antigenic memory, developing mammals are particularly prone to infection and must rely on "maternal memory" for protection. Many mammals obtain their protective arsenal by passive acquisition of Ig (2, 3) .
Developing mammals receive antibodies either in utero or postnatally. The humoral immune system ofthe newborn rat is primarily acquired postnatally, and is almost entirely of maternal origin (4) . While small amounts of Ig are transferred in utero, newborn rats are severely hypogammaglobulinemic and rely on transport of IgG from maternal milk. Through a pro-cess called transcytosis, IgG is transported by a specific intestinal Fc receptor (FcRn) from luminal to basolateral membrane of the enterocyte, where the antibody-receptor complex dissociates, and immunoglobulins enter the circulation (5) (6) (7) .
We have previously demonstrated that orally administered murine monoclonal antibodies (mAb) retain their biologic activity and are rapidly and efficiently absorbed into the systemic circulation of suckling rats via a Fc-dependent mechanism (8) .
We have also shown that the Fc receptor mRNA is expressed in a proximal to distal distribution in the small intestine which ceases at the time of weaning (Martin, M. G., S. V. Wu, and J. H. Walsh, manuscript submitted for publication) (9, 10) . These data demonstrate that the disappearance of IgG transport at weaning is controlled at a transcriptional level with repression of FcRn mRNA steady state levels. The factors that regulate the developmental expression of this gene remain unelucidated. Investigating the role of corticosteroids and thyroxine is an obvious first step since these central "hard-wired" hormones have been shown to regulate numerous intestinal phenotypes ( 1 1-13 3).
The objective of this study was to determine the role of exogenous and endogenous corticosteroid and thyroid hormone on the induction and repression of antibody absorption, and to assess their effects on the transcriptional expression of the intestinal Fc receptor.
Methods
Animal and hormonal protocol. Pregnant Sprague Dawley rats (Harland Sprague Dawley, San Diego, CA) were used for all experiments, and the day of birth was assigned as day-zero of life. Following hormonal or surgical manipulations, all pups were allowed to nurse freely until the morning of monoclonal antibody (mAb) administration. Pups at various ages were separated from their dams for 1 h prior to the oral administration of either anti-somatostatin (CURE S.6), or antikeyhole limpet hemocyanin (KLH) monoclonal antibodies (14) . In these experiments 1 mg of mAb was mixed with SIMILACO formula (Ross Laboratories, Columbus, OH), to a final volume of 300 ,l and delivered orally over 1 min with a blunt-end 24-gauge syringe. In all experiments euthanasia was performed 6 h later by carbon dioxide administration. All serum and proximal duodenal samples were stored at -700C.
Corticosterone acetate (Sigma Chemical Co., St. Louis, MO) was delivered according to previous reports and separated into either lowor high-dose groups ( 15 ). Low and high-dose pups were given 10 or 100 gg/g body wt of corticosterone, respectively, injected on alternate days beginning on day 7, and studied on either day 10 or 15 of life.
L-thyroxine (Sigma Chemical Co.) diluted in 0.3 M NaOH (1 mg/ I ml) was injected subcutaneously in one oftwo doses; 0.1 or 0.4 Agg/mg body wt daily beginning on day 7 and animals were studied on day 10 and 15 (16) . Age-matched controls received an equal volume of vehicle.
To assess the role of endogenous corticosterone on the natural de- ( 18, 19) . Monoclonal antibody standard ( 1:100) and serum samples (20 ,il) were applied to microtiter plates coated with goat anti-murine Fc antibody (Sigma Chemical Co.), and serially diluted. Rabbit anti-goat antibody conjugated with horseradish-peroxidase (Sigma Chemical Co.) (1:2,000) was applied followed by a mixture ofo-phenylenediamine (Sigma Chemical Co.) and H202 diluted in 0.1 M citrate, pH 5.0. The reaction was terminated at 3 min with 1.8 M H2SO4. Absorbance was measured at 492 nm, with a TitertekO Multiscan MCC/ 340 MK II ELISA reader (Flow Labs, McClean, VA).
Measurement ofFc Receptor mRNA expression. RNA was isolated from duodenal samples using a modification of the guanidine isothiocyanate method of Chomczynski (20) . Tissue homogenized with extraction buffer (4 M guanidine isothiocyanate, 0.1 M sodium acetate, 10 mM Tris * HCI, pH 7.4, 1 mM EDTA), was centrifuged at 12,000 g in 220 jd of chloroform/isoamylalcohol (24:1 ) and phenol at 4°C for 15 min. RNA was precipitated with 2-propanol and washed multiple times with 80% ethanol before suspending in tris-EDTA, pH 7.4.
Northern and dot blot analyses were performed according to previously described methods from our laboratory (21). 20 ,ug oftotal RNA (A260) was denatured by the addition of 17% deionized formamide (Fisher Scientific, Fair Lawn, NJ), 20% formaldehyde (J. T. Baker Inc., Phillipsburg, NJ), and 3-[n-morpholino] propanesulfonic acid (Sigma Chemical Co.) and incubation at 65°C for 15 min. RNA was chromatographed on a 1.2% formaldehyde gel, then transferred to Hybond membrane (Amersham Corp., Arlington Hts., IL) with a transblotter (Bio-Rad Laboratories, Richmond, CA). Dot blots were performed by serially diluting 10, 5, and 2.5 gg of total RNA in duplicate to Hybond membranes (Amersham Corp.) with a 96 well Manifold II-dot blot apparatus (Schleicher and Schuell Inc., Keene, NH). Denaturing was performed with a 1:1 mixture of4.6 M formaldehyde and 20x saturated sodium citrate, incubated at 65°C for 15 min. All membranes were air dried, baked in a vacuum oven at 80°C for 2 h, and UV-illuminated for 5 min. Nonspecific background was estimated using an equivalent quantity of rat liver RNA, and the consistency of loading was assessed by rehybridizing with 18S ribosomal oligo-deoxynucleotide (5' CGG CAT GTA TTA GCT CTA GAA TTA CCA CAG 3') labeled by standard 5' end-labeling technique (22) .
FcRn cDNA was produced from the duodenum ofa 13-day-old rat, and PCR was performed utilizing primers (5'(S'AGG CCA TCA GGA CCC TGG AG 3') and 3' (5'GAG CTC CGG GTA GAA GGA 3')) designed according to the published sequence (23 (Fig. 1 B) . In contrast, high-dose thyroxine for a similar time period decreased murine mAb levels to a nearly undetectable range and comparable to those obtained in corticosterone treated animals (3.1 ± 1 percent of control, P < 0.001 ).
Effect ofeither corticosteroids or thyroxine on intestinal Fc receptor mRNA expression. In order to assess if the inhibition of Ig uptake occurs at the transcriptional level, steady-state levels of FcRn mRNA expression were examined by dot blot analysis. Dot blot analysis of FcRn mRNA expression was performed on duodenal samples isolated from animals treated with low and high dose corticosterone or thyroxine. Fig. 2 A demonstrates that with 3 d of low dose corticosterone therapy, relative steady-state FcRn mRNA expression ( 13±2) was similar to that found in vehicle-treated littermates (12+2.5, P > 0.05). In contrast, high dose steroid therapy for the same length of time resulted in a significant 2.6-fold reduction of FcRn mRNA levels when compared to control littermates (5.3±1 versus 14±1.3, P < 0.01, Fig. 2 B) , and 7 d of high-dose steroid therapy decreased receptor expression to a nearly undetectable range (0.4±0.4) when compared to age-matched controls ( 11.5±0.5, P < 0.001, Fig. 2 C) .
Treatment with 3 d ofeither low or high dose thyroxine had no significant effect on the expression of FcRn mRNA when compared to controls (Fig. 2 A and B) . In contrast, high dose thyroid hormone therapy for 7 d decreased receptor expression > 30-fold (0.4±0.4 versus 11.5±0.6, P < 0.001, Fig. 2 C) .
Northern blot analysis of proximal intestinal samples isolated from animals treated with 7 d of either high-dose corticosteroids or L-thyroxine therapy is displayed in Fig. 3 allel effects on Ig transport and FcRn expression that are dose and time dependent. Effect ofadrenalectomy on immunoglobulin transport and intestinal Fc receptor mRNA expression. Adrenalectomy studies were performed to assess the role ofthe endogenous surge of corticosterone at weaning on the Ig transport process. Fig. 4 A reveals that only minimal amounts of murine Ig were detected in sera of adrenalectomized (1.0±0.1) and control 23-d-old animals ( 1. 1±0.2), which were substantially lower than in 15-d-old suckling controls ( 100±4, P < 0.001 ).
Dot blot analyses of steady-state FcRn mRNA expression from the duodenum of 15-and 23-d-old groups were performed. As predicted from the Ig uptake data, FcRn mRNA expression in the duodenums of adrenalectomized and shamoperated littermates was comparably lower than in 15-d-old controls (P < 0.001, Fig. 4 B) .
Discussion
In this study we examined the effects ofexogenous and endogenous corticosterone and thyroxine upon murine Ig (24, 25) and thyroxine (26) (27) . Numerous data, however, suggest that intestinal Ig absorption may occur in fetal, premature, and full-term newborns (< 48 h). Simister has reported a similar size p51 protein in human fetal intestine (28 (34) . These data suggested the presence ofan intrinsic clock, which allows age-specific phenotypes to "bend but never break" their pre-programmed patterns ofexpression.
A working model which encompasses these findings is that the intrinsic clock may represent a network of transcriptional factor(s) which, when acting as trans-acting factors, would function to inhibit gene expression in suckling animals (i.e., FcRn) and induce adult phenotypic characteristics. While thyroxine and corticosterone have been shown to bind cis-acting elements (i.e., AP1), they may alter transcription either in cis or in trans 
